Abstract -An overview about current status of SiGe-HBT production is given. Advanced SiGe-HBTs are predicted to reach in near future fT=200 GHz. Design examples are given.
.
INTRODUCTION
Continous shrinkage of device dimensions and rather recently application of heterostructures have increased the frequency limits of silicon based devices into the mmwave region (>30 GHz). We concentrate in this article on progress caused by silicon based heterostructures. Part I is devoted to the heterobipolartransistor (HIBT) which gained confidence for heterojunction devices since entering volume production. A scheme of a modem selfaligned bipolar junction transistor (BJT) is given in Fig.: 
II. CONCEPT OF HETEROBIPOLAR TRANSISTOR
The proposal of a heterojunction bipolar transistor (HBT) was made by Shockley in 1948 [2] . Several years later, Krbmer formulated the current gain relations of the HBT by a diffusion model [3] . The basic idea was the use of a wide-gap emitter in the emitter/base junction to provide a higher emitter efficiency -that is, a higher current gain in a H.BT than in a homojunction bipolar transistor with the same doping levels. Wide band gap emitter HIBTs were realized in the group IDI/V material system (for a review, see [4] The emitter of a bipolar junction transistor is much higher doped than the base to get a reasonably high current gain I in a common emitter configuration. In a common base configuration the current gain a then approaches unity (a-*1 forf3o Problems connected with the crystalline n-SiC/Si heterointerface include high growth temperatures for SiC, the large lattice mismatch (SiC lattice constant ao = 0.436 nm is much smaller than the Si lattice constant ao = 0.543 nm) and a typ I band offset. A type I band offset results in an electron energy spike at the interface for the n/ptjunctions of an HBT. Usually, this spike is avoided by a gradual transition which is not possible in the SiC/Sisystem. The other route utilizes the band gap modulation with phase changes (hydrogenated amorphous silicon, a-Si:H) or with strong localization/quantization (microcrystalline silicon, p-Si). The heterophase boundary (a-Si/Si or p-Si/Si) can be used for the HBTs because p-Si (Eg = 1,4 eV) and a-Si (Eg = 1,7 eV) exhibit larger band gaps than single crystalline silicon (Eg = 1.12 eV). Doping of a-Si:H and low mobility and therefore high emitter resistances cause the main problems within this heterophase route. Absorption in a-Si is much stronger than in crystalline Si which could be used in some optoelectronic applications. Remaining problems of wide band emitter solutions with technology, parasitics and material quality shifted activities to small band gap base solutions.
B. Carrier Drift through the Base
In high frequency bipolar transistors the base transit time TB contributes essentially to the total transit time (1/(2lfT)) measured by the transit frequency fT. For a pure diffusion current the base transit time is given by TBWB2/ 2Dn (2) with base width wB and minority carrier diffusion coefficient D, E. g. for wB = 100 nm, D. = 5 cm2/s the transit frequency will be below 15 GHz. The transit time tB can be reduced by an internal electrical field (carrier drift).
A Ge content gradient through the base provides the necessary electrical field. With homogeneous doping (Fig.3) The main advantages of the SiGe drift base are given by an easy implementation into existing technologies and by a low Ge content stable structure [7] . The (Fig. 3) . The DEBTconcept provides therefore very thin base layers with acceptable or even improved base sheet resistivities (typical lkQ42 to 7kWQ/) leading to excellent high frequency properties, low noise, high current gain and low Early voltages. The DBBT concept may be combined with a Ge gradient to further reduce the base transit time tB. Several groups have now obtained with specific layer structures transit frequencies fT or maximum oscillation frequencies fmax well beyond 100 GHz [11] [12] [13] . Several integrated circuits for microwave applications were demonstrated [14, 15] which open the route to monolithic microwave integrated circuits based on silicon transistors [16] .
IHI. IDUSTRIAL AVAILABILITY
The transfer [23] in the production started with a feasibility study 1993 and was intensified since 1996. [19] . In this early days, the competing efforts of an IBM group were more devoted to a SiGe drift transistor [20] which was easier to implement in the available excellent bipolar technology of this company. Within the following few years the speed of the true HBTs jumped beyond 50 GHz (1992, [21] ) and 100 GHz (1994, [22] 
